Abstract. Aiming at the problem of integrated environmental monitoring of water quality pollution, a method of water quality anomaly monitoring using Kalman filter and Convolution Neural Network(CNN) is proposed. In this method, the fish is segmented by Mask R-CNN image segmentation method, the positive and negative sample data sets of the backbone and background images of the fish are made, and the model is obtained by using convolution neural network training data set. In the process of tracking, the RANSAC algorithm is used to screen the SIFT feature matching and Kalman filter is used to track the fish and draw the moving track in real time. The motion trajectory is saved every 3 seconds, a total of 150000 samples of normal and abnormal water quality are obtained. The experimental results show that the recognition rate of water quality anomaly based on Kalman filter and Convolution Neural Network is 98.5%, this method is superior to traditional water quality identification methods.
Introduction
The extreme shortage of water resources has become a universal problem in the world with the environmental pollution increasing. Pollution is becoming increasingly severe in water resources, the pollution of water sources leads to a significant increase in toxic and harmful substances in domestic water such as drinking water. It poses a great threat to human health and life. However, there are uncertainties and hysteresis in the current water quality monitoring and early warning. Therefore, it is urgent to study real-time online water quality monitoring technology. Bio-monitoring technology has become a hot issue for water quality monitoring researchers because of its real-time, enrichment and comprehensive characteristics [1, 3] . In biological water quality monitoring, fish as an important indicator organism, its movement characteristics, physiological characteristics and other information directly reflect the changes of water environment, indicating the current water pollution situation [4, 6] . Therefore, the fish's movement behavior is used as a judgment indicator of the water quality anomalies in most of the biological water quality monitoring experiments, classify the movement trajectory of fish to solve the problem of real-time monitoring of water quality anomalies.
At present, many researchers have proposed corresponding tracking algorithms and classification models in trajectory tracking and fish movement behavior. Kim et al. studied the motion characteristics parameters of fish under different water quality, such as swimming speed, turning and so on by taking two-dimensional images of fish motion with a camera above the fish tank. However, only depending on these characteristic parameters to judge whether the water quality anomaly is comprehensive and representative will directly affect the accuracy, objectivity and scientific nature of the discriminant results [7] . In order to automatically monitor fish movement behavior, Lai et al. established a monitoring system for automatically identifying fish behavior based on the background difference method and fuzzy inference algorithm of image processing technology, which can obtain fish behavior parameters such as position, speed, motion trajectory and et al in a short time, but the background difference method to detect and track fish moving targets has the disadvantages of large calculation, poor real-time performance and lower precision [8] . Beyan C et al. presented a rule based trajectory filtering mechanism to extract normal fish trajectories which helps to increase the accuracy of the abnormal fish behavior detection systems, but in the case of a small number of fish, the accuracy of the method will decline [9] . Nian R et al. introduced a fish detection system to represent highly variable objects using mixtures of multiscale deformable fish body description. And then, applying a simple yet effective, real-time and robust of fast compressive tracking algorithm with an appearance model to focus on the motion trajectories of underwater fish. This system achieves consistent performance improvements on online fish tracking for ocean observatory network, but the number of track frame captured is so small that it is not possible to extract the trace features automatically [10] .
Most of the traditional water quality classification algorithms extract the first derivative feature, second derivative feature and geometric feature of fish trajectory, and combine with machine learning classification algorithms such as SVM [11] , XGBoost [12] , KNN [13] to classify water quality. In recent years, Convolutional neural network (CNN) has been widely used in computer vision. Convolution operations in CNN can help traditional machine learning systems by three important ideas: sparse interaction, parameter sharing, and equal-variant representation. In this paper, we segment the fish body by Mask R-CNN image segmentation method, extract the skeleton of the fish, and track the fish with Kalman filter. Finally, we use convolution neural network to classify the track of different water quality, and then judge whether the water quality is normal or not.
Algorithm Principle Kalman Filter and Convolution Neural Network
Kalman filter is suitable for use in unsteady environment. Its principle is to realize filtering according to the structure of the state to be estimated. Moreover, the optimal solution can be recursively obtained by ensuring that every moment can be analyzed according to the orthogonal principle at the time of the analysis [14] . In the experiment, Kalman filter needs to determine the location of the recognized moving fish, predicts the position of the moving fish in the subsequent frame, and updates the region continuously to achieve the purpose of tracking. It can not only reduce the search range of fish and improve the efficiency of searching, but also cannot detect repeatedly the same fish in the image, so it has a higher recognition efficiency.
Convolutional neural network (CNN) is a kind of neural network specially used to deal with data with similar grid structure. It can extract the effective representation of the original image, so that CNN can recognize the rule of vision directly from the original pixel after minimal preprocessing. CNN usually contains three types of neural network layer: convolution layer, pooling layer and full connected layer.
Water Quality Discrimination Method
The close correlation between water quality and fish movement is the basis of biologic water quality monitoring according to the characteristics of fish movement. Water quality determines the survival of fish and then affects the movement behavior of fish, the movement behavior of fish can reflect the water quality [15] .
As shown in the heatmap of Figure 1 , it is observed that the fish in normal water are distributed in groups, and the movement of the fish is relatively concentrated. While in the abnormal water, the fish separate and move alone, showing a state of dispersion and disorder.
As shown in Figure 2 , there are fewer pixels of the fish trajectory in normal water quality, that is, the fish swim slowly and the swimming state of sharp fluctuation turns to be less, and the trajectory of the fish shows a good radian. But in the abnormal water environment, there are more pixels of the fish trajectory, that is, the fish swimming frequency is fast, the direction of the fish movement changes greatly, the fish trajectory does not show a good radian, and the center of gravity of the fish is close to the center of the fish tank. The discharge of industrial wastewater poses a great threat to the safety of water quality. Various kinds of acids, bases, salts or acid-base salts and heavy metals are formed as major pollutants. It has caused great damage to the aquatic environment of the fish and also threatened the health of human beings. Pesticides, chemical fertilizer and other crop drugs are also the main way to cause water pollution. Red crucian carp is a cold water fish with wide distribution, simple feeding, fast growth, low water temperature requirement and sensitive to toxic reactions. So we chose the same group of red crucian carp with the same size, health and no obvious malformation. Three groups of pollution sources were selected: the organic pollutants were common agricultural insecticides trichlorfon. the concentration of trichlorfon was 1.5%; oxalic acid solution with PH value of 3.5 (the best range for the growth of red crucian carp is PH=6~8); solution with a concentration of 5.75 mg/L (According to the acute toxicity test method of fish published by State Environmental Protection Administration (SEPA), determine that 24-hour lethal concentration in this study environment as 5.596mg/L).
Experiment Experimental Object and Selection of Pollution Sources

Experimental Environment and Design
The experimental water was dechlorinated tap water, after 24 hours of full aeration. The platform was used to study the motion of red crucian carp under a circular cylinder with a diameter of 50 cm and 40 cm high. The experiment was divided into three groups with 7 red crucian carps in each group.
In the first group of experiments, two experimental tanks were prepared, one containing experimental water without any contaminants and the other tank adding a concentration of trichlorfon 1.5% aqueous solution with the same volume. In the second group, also prepared two experimental tanks, one containing experimental water without any contaminants and the other adding a PH value of 3.5 oxalic acid solution with the same volume. In the third group, one of the experimental water was added in the same way, and the other adding a concentration of 5.75 mg/L, The solution with the same volume. During the experiment, CCD camera was used to obtain the moving video image of the fish, and five minutes after the beginning of the experiment, the video of the fish was collected. Each frame image size is 480×640, frame rate is 25 frame/s. The experiment adopts parallel experiment method and the three groups of experiments only have different water quality pollutants and other conditions are completely consistent.
Experimental Data Acquisition
The fish body is divided by the neural network, and the fish will be marked and numbered during the experiment, the motion trajectory will be presented in real time. The motion trajectory is stored every 3 seconds, and the track image is divided into two types of normal water quality and abnormal water quality. The process is shown in the Figure 3 .
Experimental Results and Analysis
In order to evaluate the performance, we compare the performance of other tracers with BOOSTING Tracker, MIL Tracker, KCF Tracker, CSRT Tracker, MedianFlow Tracker, TLD Tracker, MOSSE Tracker, GOTURN Tracker [16, 23] . The performance of the experiment is compared from two metrics: success rate and accuracy. In these two indicators, the ratio of successful tracking frames is measured by a set of thresholds. The overlap rate of bounding box and center position error are used in tracking frame and precision respectively. The tracking algorithm of area under the curve is divided into 20 pixels for success rate and accuracy. In pixel classification, the overlap rate formula is as follows: Figure 3 . Motion track marking numbering map.
In the formula, denotes overlap rate, denotes the true value region of target, denotes target area, ⋂, ⋃ denotes the operation of intersection and union in formula.
In fact, once the tracker detects the background, no matter how far the tracker is from the current position, the measured value is zero [24] . According to pixel classification, the overlap rate can be expressed as:
In the formula, denotes the overlapping pixels of and , denotes removing the remaining pixels of belonging to , and means removing the remaining pixels of belonging to .
As shown in Table 1 and Table 2 , the performance of different tracking algorithms is compared. According to the data in the tables, the proposed algorithm is superior to other trackers in success rate and accuracy, and there is a lot of room for progress. In the process of feature extraction, CNN features are more effective than hand marked features in representing high-level target concepts. The experiment used three kinds of polluted water quality to collect the track image to carry on the training. As shown in Figure 4 , the number of normal and abnormal water quality samples of trichlorfon, oxalic acid solution and solution contaminated water were 150000 respectively, Batch-size is 64, learning rate is 0. 01 and Epoch is 25.
In Figure 4 , the train_loss line is the change of loss recorded during the training process, and it can be seen that the loss converges rapidly. The val_acc line is the accuracy rate of each verification of the training model, and the overall accuracy rate is maintained at a high accuracy. In the end, three groups of experimental data were used to test the training model. The test results are shown in Figure  5 , Figure 6 and Figure 7 .
The third group of tests is trichlorfon polluted water quality. The normal and abnormal water quality samples are both 50000, and Batch-size is 64, Epoch is 100. Figure 5 shows that the recognition rate of the cumulative matching curve (CMC). Rank-1 for training and verification is over 77%, and the rank-5 result is 98.3%, surpassing the previous method. The second group of tests is oxalic acid polluted water quality, 50000 samples of normal water quality and abnormal water quality, and batch-size is 64, Epoch is 100. The CMC curve shown in Figure 6 shows the classification accuracy of each round of training. The recognition rate of rank-1 is over 79.5% and the result of rank-5 is 98.5%.
The third group of tests is polluted water quality. The normal and abnormal water quality samples are both 50000 and the Batch-size is 64,Epoch is 100. The CMC curve shown in Figure 7 shows the classification accuracy of each round of training. The recognition rate of rank-1 is over 77.0%, and the result of rank-5 is 98%. We further verify the reliability and stability of the tracking, classification method of the fusion of Kalman filter and convolution neural network by 10 cross validation. All the data sets of each record are divided into 10 subsets, one of the 10 subsets is used as the test set, and the other 9 subsets are assembled to form the training set, then the average accuracy of all 10 tests was calculated.
As shown in Figure 8 , the accuracy of network classification is the lowest 97.97%, and the highest 98.35%. 
Conclusion
A novel monitoring method of water quality anomaly based on Kalman filter and Convolution Neural Network is proposed for on-line tracking of fish body motion. Using the output of the Mask-Rcnn upwind layer as the general characteristic descriptor of the target, the RANSAC algorithm is used to screen the SIFT feature matching, CNN features and learning discriminant model, and the background difference method is used to calculate the specific salience graph of the target, highlight the discriminant target area in the spatial domain. The Kalman filter is used to track the fish in the target area and to synchronize the moving track in real time, the normal water quality and abnormal water quality were identified by the CNN model. This algorithm is superior to the existing algorithms in segmentation and tracking performance. In future work, the classification accuracy of the model will be further improved, because of the low complexity of the current experimental environment, the follow-up can still enrich the experimental environment and enhance the robustness of the system. At the same time, there is also a need to design more refined water quality grades to achieve multilevel classification of water quality.
